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When a hind-limb muscle nerve or a lumbar dorsal root of rats was stimulated, a fast and well-synchronized wave could be lead off from the appropriate lumbar ventral root and was named `the fast synchronous wave'. While this fast syn chronous wave resembled in shape and appearance to the cat monosynaptic reflex, it differed in some features from the latter, i.e., rather long latency, absence of post-tetanic potentiation and not being most excitable of all the reflex com ponents.
To testify whether the fast synchronous wave is monosynaptic or not, and if monosynaptic, to what causes its characteristics should be attributed, electrophysiological technique and Nauta method were employed. It was con cluded that the fast synchronous wave was monosynaptic and its specific features were due to the poor functional connection between primary afferents and motoneurons.
A wealth of informations about peripheral and central nervous system has been accumulated so far from the experiments on the cat. These informations, however, tend to be applied to the interpretation of the physiological or functional meaning of the nervous system of other species without serious criticism. In this connection, it is at once of interest and of use to find out inter-specific difference and community in the basic structure of the nervous system such as the spinal cord.
The rat is though to be suitable for this purpose because of its handedness and availability as experimental animal in the wide field of neighboring sciences. The electrophysiological approach to the rat spinal cord has scarcely been done, and the exact and reliable data on the rat spinal reflex has not been offered. Thus, the present experiments were undertaken, bearing in mind that a specific functional characteris tic peculiar to a species has a specific structural basis as background and that the mode or pattern of their integration, losing narrow peculiarity, comes to have wider meaning applicable to the nervous system of other species which in turn is helpful to build up the general scope of the functioning of the nervous system. 
RESULTS
In a good experimental condition , a fast well-synchronized wave could be observed in rat spinal reflex evoked by the stimulation of an appropriate dorsal root, a muscle nerve or a mixed nerve . But it was never evoked by cutaneous nerve stimulation. This is shown , in Fig inferred to be monosynaptic from its short latency by Nagai et al. 5 However, this wave differs in some respects from cat monosynaptic reflex and even the latency itself is not so short as to leave no doubt for its monosynapticity.
Closer examination is required to determine whether the fast synchronous wave of rat spinal reflex is monosynaptic or not.
In Table 1 short, which enabled to avoid the error in measuring conduction time. The mean shortest latencies of the fast synchronous wave to liminal shock and to maximal shock were 2.53 msec and 2.28 cosec respectively, which was rather too long to be monosynaptic, compared with the results obtained from the experiment on cat. 6 The shortening of the latency from 2.53 msec to 2.28 msec, when the stimulus intensity was raised from liminal to maximal one, might be due t o the increased synaptic drive by augmented action of the concerned afferent fibers, as well known from the experiments on cat spinal reflex.7 The duration of the fast synchronous wave was approximately 2 msec which is rather long, too.
In cat there has been observed a period of enhancement of responsibility after intense brief burst of presynaptic volley, i.e., post-tetanic potentiation, in a simple system composed of pre-and post-elements having excitatory connection, like neuromuscular junction,8 sympathetic ganglia9 or monosynaptic reflex . 10 The characteristic feature of the fast synchronous wave is the absence of post-tetanic potentiation, or more exactly the existence of post-tetanic depression. In many experiments where various combinations of frequency, duration and intensity of repetitive stimuli were applied to the central cut-end of dorsal root or to a muscle root, while stimulating pulses were delivered once every five seconds to the peroneal nerve except for during tetanic stimulation period and the amplitude change of the fast synchronous wave before and after the tetani was compared . The three rectangles mean the tetanic stimulation, the duration of which was kept same , 10 see. E ach number in the rectangle corresponds to one hundredth of the actual stimulus frequency, i.e., 1 to 100cps, 2 to 200cps and 3 to 300cps . Lower inset graph;in another rat, single unit discharge, which contributed to the fast synchronous wave , was lead off from a thin filament split from the central stump of L5 ventral root , while stimulating pulses were delivered once ever ten seconds to the medial branch of gastro -enemius except for during tetanic period . When the unit fires to a stimulus, a black dot is plotted at the level of 1 and when it fails , plotted at the level of 0. The rec t angles mean the tetani, the duration of which remained same , 10 see, and the frequency of which is shown by the numbers by the rectangles . Throughout the above experiment, the stimulus intensity was kept maximal . Note the frequent failure of unit discharge after tetanic stimulation .
nerve, no potentiation after tetanic stimuli was observed. Generally speaking, the after-effect of tetanic stimulation on the fast synchronous wave was depression though the degree of the depressive effect differed from case to case, and had no consistent relation with stimulus frequency and duration. In Fig. 2 , the above inset record shows an example of post-tetanic depression. After tetanic stimulation depression ensues and lasts more than two minutes. Two factors can contribute to the depression:the one is the temporal dispersion of motoneuron firing and the other, the cessation of motoneuron firing. To determine which factor was responsible for the depression after tetanic stimuli, nerve filaments containing single motor unit were freed from L5 ventral root trunk for recording. The lower in set record in Fig. 2 shows the representative result of such an experiment. It should be noted that immediately after tetanic stimuli, the motor unit has a strong tendecny to become silent and firing probability falls severely. At the same time, latency measurement of this motor unit reveals the considerable prolongation and instability of the latency after tetanic stimuli. So it can be concluded that the depression is attributed both to the cessa tion and to the temporal dispersion of motoneuron firing. Whatever difference there may be in the fast synchronous wave from the cat monosynaptic reflex, the definition of monosynaptic reflex is only related with its path, i.e., two neuron arcs and one intervening synapse. So it is essential to determine the path, through which pass the impulses destined to evoke the fast synchronous wave. In this regard, intracellular technique is quite helpful to determine the path in spinal cord. Fig. 3 represents a sampled record of the fast synchronous wave (A) and of an orthodromic spike of an impaled motoneuron which contribute to the fast synchronous wave (B). It should be noted that the inter ruption between EPSP and spike is fairly long. To make closer examination of the relationship between EPSP and spike, the stimulus intensity was kept at threshold (C). The EPSPs, of which latency was slightly long to be monosynaptic, were assumed to be due to the slower conduction in the peripheral afferents and the intraspinal collaterals.
This was affirmed by measuring the conduction time, both afferent and efferent, and by analyzing size distribution of dorsal and ventral root fibers, and of peripheral afferent and efferent component.2 The peripheral conduction time differs considerably from animal to animal, probably owing to the experimental condition. Generally speaking, the efferent conduction is faster than the afferent one in rat peripheral nerve :the former is on an average 65-80m/sec and the latter, 50-70m/sec when measured at the body temperature.
These values are definitely smaller than those of cat. The fact that the efferent conduction is faster than the afferent one is quite in line with the result of the fiber analysis, which shows that the efferent path contains larger fibers more profusely than the afferent one and in periphery the largest efferents are larger than the largest afferents.2 Furthermore the afferent component of the rat muscular as well as cutaneous nerves almost lack the fibers more than 12 u in diameter,GI fibers in cat muscle nerves. As daughter fibers branching off from a thin stem fiber tend to be also thin, it is reasonable to think that the intraspinal collaterals of primary afferent fibers of rat should be thin compared with those of cat, which contribute to the delay in the latency of monosynaptic EPSP. From above consideration, it was concluded that the EPSP, the average latency of which is 1.27 cosec, was evoked by direct impulses passing through primary afferents. [13] [14] [15] It is strongly suggested that in both cases the insufficient efficacy of monosynaptic contact is responsible for all phenomena.
